Abstract-In order to avoid only considering seriousness of fault in contingency screening and ranking, a new method is proposed which is based on probabilistic insecurity index. In this paper, randomness, economy and volatility of wind power and load are considered. Besides, probability density functions of wind power and load are used to modify the model of expected loss. Firstly, according to typical fault set, dynamic security region and probabilistic insecurity index are determined. Then the volatility of wind power and load could be transformed into the volatility of generator trip and load shedding. Finally, based on modified model of expected loss, the proportion of expected loss of each contingency in fault set can be computed. Then use this proportion to screen and rank contingencies. Simulations on New England 10-generator 39-bus system show that based on this new method, contingencies could be screened and ranked rationally and accurately.  Index Terms-contingency screening and ranking, probabilistic insecurity index, volatility of wind power and load, expected loss
I. INTRODUCTION
Wind power is an important renewable energy. Its development is conducive to energy conservation and emission reduction. However, its randomness, fluctuation and uncontrollability are challenges to traditional contingency screening and ranking strategies. A large number of power failure accidents around the world suggest that it is necessary to attach great importance to power systems security problems. Thus establishing, screening and ranking anticipated fault set are of great importance to the safe and stable operation of power system [1] - [3] .
Great numbers of indexes, like state index and stability margin index, could be used to screen and rank faults [4] - [10] . But in these cases only seriousness of contingency is considered. Faults probability, parameter uncertainty and economic loss are neglected. Thus, expected loss, based on probabilistic insecurity index, is a better index which could evaluate the operation of power system accurately.
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Both generator trip and load shedding are important emergency control measures. Currently, studies of emergency control measures are mainly based on conventional power network structure. And the characteristics of wind power are not considered. In Ref. [11] , detailed post-fault action process of power system and safety control device are studied. This study suggests that after the integration of large-scale wind power, the volatility of wind power would influence the effectiveness of generator trip inevitably. Ref. [12] - [15] suggest that in wind-thermal combined system, in order to maintain controllability of post-fault frequency and voltage, the proportion of thermal generator trip should not be high. Wind generator trip should be considered. Normally, the volatility of wind power could be eliminated by electric power system control. But in failure period, local power flow may change fast as a result of volatility of wind power. Thus, the fluctuation of wind power should be considered when expected loss index is used to screen and rank contingencies.
In this paper, a new contingency screening and ranking method is presented. In order to consider volatility of wind power and load, probability density functions of wind power and load are used to modify expected loss model. Also, faults probability, parameter uncertainty and economic loss are considered. On the other hand, using dynamic security region to calculate probabilistic insecurity index can simplify calculation and increase calculation speed.
II. PROBABILISTIC INSECURITY INDEX

A. Dynamic Security Region
Dynamic security region ( , , ) i j t  is a vector set of active power in power injection space. i refers to prefault network structure. j refers to post-fault network structure. t refers to the duration of this fault. When an active power vector Y is given, if a power system can maintain synchronism after a fault, this vector Y is in dynamic security region ( , , ) i j t  security region can be approximated by one or numbers of hyperplane which can be expressed as follows [16] 
B. Probabilistic Insecurity Index
Ref. [17] proposes a kind of probability insecurity model. Its physical significance refers to the unstable probability of power system after a contingency. But weather condition, fault type, line parameter and other factors are neglected in this model. This feature limits its engineering application. Using transmission line as an example, define probabilistic insecurity index sec ()
Pl as:
where i is the number of transmission line. 
My   refers to security measure of certain faulty.
III. PROBABILITY MODEL OF RANDOM FACTORS
A. Probability Model of Fault Occurrence
Fault occurrence probability can be depicted by Poisson distribution. Ref. [18] proposes a fault occurrence probability model of transmission line considering normal and bad weather condition. This probability model can be expressed as:
where 0  is mean failure rate of line i l . N refers to duration of normal weather. S refers to duration of bad weather. 1  refers to the proportion of fault in bad weather condition.
B. Probability Model of Fault Type
The probability of these four faults, Single-phase earthing fault, two-phases earthing fault, two-phase short circuit fault and three-phase short circuit fault, can be obtained by using history data statistics.
C. Probability Model of Fault Location
Ref. [19] proposes a probability model based on discrete distribution and history data statistics. If transmission line is divided into M sections, then this probability of fault location at u can be depicted as:
where u f is the number of fault occurring at u section.
D. Probability Model of Fault Resistance
Assume that fault resistance obeys logarithmic normal distribution. Its probability density function can be depicted as: 
E. Probability Model of Fault-Clearing Time
Assume that the sum of actuation time of protection relay and breaker time obeys normal distribution. And detection time is not considered in this paper. Then this probability density function can be expressed as [20] :
F. Uncertainty Model of Wind Power
Assume that wind turbines are variable speed turbines. Then output power characteristic can be depicted as: 
G. Uncertainty Model of Load
Uncertainty model of load can be expressed by load forecasting error which obeys normal distribution. Its probability density function is as follows:
L P  is load forecasting error. L  is standard deviation of forecasting error.
IV. EXPECTED LOSS CONSIDERING VOLATILITY OF RANDOM FACTOR
After fault, the loss cost of power system mainly includes cost of applied prevention measures and cost of unstability. Assuming that the fluctuated value of wind power and load is small compared with the value of generator trip and shedding load, the dynamic security region remains unchanged. According to the function of hyperplane, the output of wind farm is linear to the value of generator trip and the fluctuated load value is linear to the value of shedding load. Then the probability density function of the value of generator trip and shedding load can be calculated easily. The loss cost can be depicted as follows [21] , [22] : c m ms mo mD
where ms I is the cost of device maintenance, device shutdown and device boot. mo I refers to opportunity cost of power generation which can be depicted as formula [16] . mD I is load lost cost which can be expressed as formula [19] . To implement the proposed new method, the major steps are briefly explained in sequence as follows:
Step 1: According to history data statistics, typical fault set
Step 2: Based on each fault in typical fault set, calculate dynamic security and probabilistic insecurity index insec () Pl .
Step 3: Calculate probability density functions of wind power and load. Moreover, according to these functions, probability density functions of the value of generator trip and shedding load can be obtained.
Step 4 
VI. SIMULATION
In this section, simulation is presented based on 10-generator 39-bus New England system. The detailed network topology of this system is shown in Fig. 1 . Assume that wind power is at bus 37 replacing the original synchronous generators with the same generating capacity. A fiercely fluctuating load, like charging station, is at 16. Beyond that, the value of  is 0.001.
Detailed information is depicted in Table I . Symbol + suggests that this fault is in candidate set and symbolsuggests that this fault is out of candidate set. We can also find that faults 3-4, 26-27, 3-18, 17-18, 25-26, 4-5, 7-8, 1-2 are out of candidate set. Because these faults are not serious fault, it is not necessary to take any safety control measures. But for these faults in candidate set, safety control measures must be taken. Furthermore, we can easily find that the probabilistic insecurity index of fault 26-29 is quite small, but its expected loss is quite large. Thus it is reasonable to put this fault in candidate set. In this case, if we use traditional method to screen contingencies, this fault may be neglected and may cause serious consequences. Moreover, screen and rank the contingencies in candidate set again without considering the volatility of wind power and load. Results are shown in Table II . It can be found that the order of fault 8-9 is changed and fault 6-7 is removed out of the candidate set. Besides, expected loss in Table II is slightly different with that in Table I . Therefore, this new method can screen and rank contingency accurately and rationally. 
VII. CONCLUSION
This paper, based on probabilistic insecurity index, proposes a new contingency screening and ranking method. A large number of experimental data suggest that the volatility of wind power and load would have negative impact on the effectiveness of generator trip and load shedding. Thus it is necessary to consider the fluctuation of wind power and load in contingency screening and ranking. The expected loss model can be modified by using probability density functions of wind power and load. Clearly, randomness, economy, volatility and severity are all considered in this new method. Simulations on New England 10-generator 39-bus system shows that based on this new method, contingencies could be screened and ranked accurately and rationally.
